Telmisartan (TMS), an antihypertensive drug, is classified as class II according to Biopharmaceutical Classification System (BCS) with low solubility and high permeability. The purpose of this study was to prepare and characterize solid dispersion of TMS with hidroxypropyl methyl cellulose (HPMC) E5 LV to increase the solubility. Solid dispersion was prepared in three different ratio TMS:HPMC 2:1, 1:1, and 1:2 (w/w) by co-grinding method for 60 minutes. Solubility test was conducted in distilled water for 72 hours and the amount of TMS was determined by spectrophotometry UV. Result of Powder X-Ray Diffraction (PXRD) showed a decrease in intensity of TMS in accordance with the amount of HPMC E5 LV in solid dispersion. Fourier Transform Infra-Red(FT-IR)Spectra showed no significant shift of wavelength. Scanning Electron Microscopy (SEM) result presented the crystalline form of TMS, while both physical mixture and solid dispersion at different ratio showed TMS stick on the surface of HPMC E5 LV. Thermogram of Differential Scanning Calorimetry (DSC) showed an incline of endotherm peak as the ratio HPMC E5 LV increased. The solubility result of intact TMS was 0.49±0.03µg/mL, while the physical mixture and solid dispersion 2:1, 1;1 and 1:2 were 1.87±0.18 µg/mL, 5.36±0.48 µg/mL, 7.24±1.73µg/mL, and 14.89±1.49 µg/mL, respectively. In conclusion, solid dispersion of telmisartan-HPMC E5 LV enhanced the solubility of TMS.
INTRODUCTION
Telmisartan (TMS), an antihypertensive drug, belongs to angiotensin receptor blockers (ARBs) which act by inhibiting receptor stimulation of angiotensin II type 1 (AT1) without affecting other related receptors in cardiovascular 1 . TMS is classified as class II, low solubility high permeability, based on Biopharmaceutical Classification System (BCS). The main problem is the low solubility of drugs in biological fluids that result in poor bioavailability after oral administration 2 . Therefore, it is necessary to improve the solubility and dissolution rate of TMS. Several studies have been conducted to improve the solubility and dissolution of TMS including co-grinding TMS with polyvinyl alcohol 3 , formation of solid nanoparticles 4 , inclusion complex of TMS and b-cyclodextrins 5 , formation of cocrystalline phase with several coformers 6, 7 , formation amorphous solid dsipersion 8 .
Various strategies are used to increase the solubility and dissolution rate of drugs BCS class II and solid dispersion is one of effective approaches 9, 10 . This method can be defined as a molecular dispersion of active substance in one or more hydrophilic carriers, which involved a reduction in particle size, increase the wettability of the active ingredient by the carrier, the formation of soluble complexes, and the formation of an amorphous active substance. In the solid dispersion, the hydrophilic polymer also plays an important role in inhibiting the crystallization of crystalline phase through the process of molecular mobility 11, 12 .
In this research, preparation of solid dispersions TMS -HPMC E5 LV using a planetary ball mill with a ratio of 2: 1, 1: 1, 1: 2 (w / w) aimed to modify the solid properties of TMS and the effects on the solubility. The results obtained were then characterized by Scanning electron microscope (SEM), analysis of X-ray diffraction, differential scanning calorimetry (DSC), Fourier Transform Infrared spectroscopy (FT-IR), and solubility test.
MATERIALS and METHODS
Telmisartan (TMS) (Dr. Reddy's Laboratories, India), HPMC E5 LV (Wuhan Senwayer, China), KH 2 PO 4 (Bratachem, Indonesia), NaOH and distilled water. All materials were used as received.
Preparation of solid dispersion
Preparation of solid dispersion TMS and HPMC E5LV was conducted using co-grinding method in a planetary ball mill (Fritsch, Pulverissete 7, Germany) at 500 rpm. Solid dispersion was prepared at three ratio of TMS:HPMC E5 LV 2:1, 1:1 and 1:2 (w/w) and grounded for 60 minutes. The milled powder then was kept in a desiccator.
Preparation of physical mixture
Preparation of physical mixture was done at ratio of TMS:HPMC E5 LV 1:1 (w/w). The mixture was mixed homogenously in a sealed container and the mixed powder then was also kept in a desiccator.
Powder X-Ray Diffraction Analysis
Intact TMS, intact HPMC E5 LV, physical mixture and solid dispersion at different ratio were analyzed the crystallinity degree using an X-ray diffractometer (X'Pert XRD Powder type PW 30/40 PANalytical, The Netherlands). Samples were placed on the sample holder and levelled to prevent particle orientation during sample preparation. Analysis was carried out at 2ϴ range 5-40°. Measurement condition was as follow: target metals Cu, Ka filter, voltage 45 kV, and current 40 mA.
Scanning Electron Microscopy (SEM) analysis
Sample powder was placed on an aluminum sample holder and the voltage was set at 10kV and current 12 mA to observe surface and morphology of TMS and HPMC E5 LV before and after mixing and co-grinding. Sample was observed on various magnifications using SEM (HITACHI type S-3400N, Japan). SEM analysis was done for intact TMS, intact HPMCE5LV, physical mixture and solid dispersions at all ratio.
FT-IR spectroscopy analysis
FT-IR spectroscopy analysis was done using a PerkinElmer FT-IR Spectrophotometer, where the samples absorption spectra were recorded at wave number 4000-400 cm -1 in order to observe and confirm the functional groups and fingerprint of each sample. FT-IR spectroscopy analysis was done for intact TMS, intact HPMC E5 LV, physical mixture and solid dispersions at all ratio.
Differential Scanning Calorimetry
The thermal properties of intact TMS, intact HPMC E5 LV, physical mixture and solid dispersions at all ratio were determined using a thermal analyzer (Mettler Toledo FP90, Switzerland) which has been calibrated with Indium temperature. Each sample in a small amount was placed on an aluminum pan and the instrument temperature was set in a range from 50°C to 300°C at 10°C per minute of heating rate.
Solubility test
An excessive amount intact TMS, physical mixture and solid dispersions at all ratio were dissolved in 100 mL of distilled water. Solubility test was conducted for 72 hours in an orbital shaker at room temperature. Samples were analyzed using UV spectrophotometer (Shimadzu UV-1700, Japan) at the wavelength of TMSmaximum absorption 295.2 nm. All experiments were done triplicated.
RESULTS and DISCUSSIONS

Powder X-Ray Diffraction Analysis
The diffractogram of intact TMS, intact HPMC E5 LV, physical mixture, and solid dispersions can be seen in Figure 1 . Intact TMS showed the sharp peak indicated its form as crystalline, while HPMC E5 LV showed an amorphous phase as no sharp peak observed due to HPMC E5 LV is a hydrophilic polymer. The physical mixture showed a decrease of peak intensity. In addition, the greater the amount of HPMC E5 LV, the greater decrease of peak intensity in solid dispersion. Solid phase changes of telmisartan was occured during co-grinding process such as partial amorphization.
The position of 2ϴ and intensity of the peak for intact TMS, physical mixture and solid dispersion at all ratio is shown in Table 1 . This result indicated that preparation of solid dispersion at all ratio give an impact in decreasing the TMS crystallinity, which decrease the rigidity of TMS and likely increase the solubility 11 . Solid dispersion at 1:2 showed the greatest reduction of peak intensity at 2ϴ (14.1781, 15.0101, 22.2641 and 24.9421) which decrease 4.7; 2.5; 3.4; and 2.6 fold, respectively.
Scanning Electron Microscopy Analysis
The morphology of intact TMS, intact HPMC E5 LV, physical mixture, and solid dispersions all ratio is shown in Figure 2 . TMS looked like needles in crystalline form, while HPMC E5 LV looked like a fiber. The physical mixture of TMS -HPMC E5 LV and solid dispersion depicted that TMS was on the surface of HPMC E5 LV, but the difference in morphology among them could not be distinguished based on SEM result. In solid dispersion system, 
FT-IR Spectroscopy Analysis
The FT-IR spectra of intact TMS, intact HPMC E5 LV, physical mixture and solid dispersion is shown in Figure 3 . TMS showed the OH strain at wavenumber 3047.63 cm -1 from carboxylic acid and C-H aliphatic strain at wave number 2939.80 cm -1 . On the other hand, wave length of HPMC E5 LV for OH strain was at 3400. ; and 2960.61 cm -1 , respectively. Thus, there was no new functional group observed which indicated no chemical interaction occurred between TMS and HPMC E5 LV in both physical mixture and solid dispersion at all ratio. This result was anticipated since the preparation of solid dispersion was not purposed to produce new substance, yet to modify the physicochemical properties 13 . Thermal properties of intact TMS, intact HPMC E5 LV, physical mixture and solid dispersion at all ratio can be seen in Figure 4 . Based on DSC thermogram, TMS showed a sharp endothermic peak (T peak 268.96°C)Corresponding to its melting event, indicating its crystallinity phase. Meanwhile, DSC thermogram of HPMC E5 LV showed a broad endothermic peak in the range 95.96°C, which may be attributed to dehydration of water molecules. The physical mixture and solid dispersions showed two peaks which represented TMS and HPMC E5 LV. Based on the thermogram data, there was a decrease of TMS melting point. The melting point of TMS in physical mixture was 267.54°C while at solid dispersions 2:1, 1:1 and 1:2 were 268.41°C, 267.47°C and 266.90, respectively. This result is in accordance with PXRD result, where the solid dispersion at 1:2 showed the lowest peak intensity 3, 9 . However, the characteristic endothermic peak corresponding to drug melting point was broadened and shifted toward lower temperature with reduced intensity.
Solubility test
The result of solubility test can be seen in Table 2 . There was a trend observed as the increasing the amount of HPMC E5 LV, the solubility of TMS increased significantly (P<0.05). Moreover, the solubility of physical mixture was also increased. This result is in accordance with the PXRD and DSC analysis. As the crystallinity degree of TMS decreased, the solubility of TMS increased. In addition, the mechanism of HPMC E5 LV on increasing solubility was also due to the intrinsic characteristic of HPMC as the hydrophilic polymer which soluble in the water 10, 11, 12 . Mechanical energy supplied during co-grinding process TMS -HPMC E5 LV in a planetary ball mill apparatus may cause crystalline phase of TMS underwent partial amorphization and TMS dispersed in a hydrophilic polymer network in the form of fine particles 14 . Thus, the dominant factors affecting drug dissolution from the co-grinding particles were the reduction of drug crystallinity, a probable decrease in drug particle size, an increase in the de-aggregation and wettability of hydrophobic drug particles. Similar observations have been reported for mebendazole and norfloxacin where the solubility of this poorly water soluble was improved by high wettability and reduction of drug crystallinity [15] [16] . 
